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The global SARS-CoV-2 pandemic has contributed to
more than 163 million confirmed infections and 3.3 mil-
lion deaths worldwide. The severity of the pandemic has
led to an unprecedented effort to develop multiple
effective vaccines. Due to excellent safety and efficacy
data from clinical trials, several vaccines were approved.
We report a case series of postvaccinal encephalitis in
temporal correlation to vaccination with ChAdOx1 nCov-
19. The diagnostic criteria for possible autoimmune
encephalitis were fulfilled. Our patients responded well to
immunosuppressive therapy with corticosteroids. The inci-
dence has been estimated to be approximately 8 per
10 million vaccine doses. Complication of postvaccinal
encephalitis after ChAdOx1 nCoV-19 vaccination still
appear to be very rare, but need to be diagnosed and
treated adequately. Large pooled data from observational
epidemiologic studies are necessary to verify causality.
ANN NEUROL 2021;00:1-6

Background
The global SARS-CoV-2 pandemic has contributed to

more than 163 million confirmed infections and 3.3 million
deaths worldwide." The severity of the pandemic has led to an
unprecedented effort to develop muldple effective vaccines.
Due to excellent safety and efficacy data from dlinical trials,
the ChAdOx1 nCoV-19 vaccine (AZD1222) was approved
consisting of a replication-deficient chimpanzee adenoviral vec-
tor ChAdOx1, containing the SARS-CoV-2 structural surface
glycoprotein antigen (spike protein; nCoV-19) gene.” In addi-
tion to local and systemic side effects of the ChAdOxI
nCoV-19 vaccine without major clinical relevance, con-
cern emerged due to a growing number of recent reports
of autoimmune induced thrombocytopenia with subsequent
thrombosis.>

In general, vaccinations can cause a strong expression
of proinflammatory cytokines and a T cell response.®’
Peripheral proinflammatory cytokines expressed after vac-
cination are considered to be causal by reaching the brain

and partly resulting in neuroinflammation after microglia

BRIEF COMMUNICATION

activation, depending on the immunogenetic background
and the innate immune memory.”

Herein we present a case series of three patients with
autoimmune encephalitis related to prior ChAdOx1
nCoV-19 vaccination, previously undescribed.

Informed Consent

Weritten informed consent was obtained from all patients
for publication of this case series and any accompanying
images. A copy of the written consent is available for
review by the Editor of this journal.

Case Presentation

First Case. A 21-year-old female patient received the first
dose of the ChAdOx1 nCov-19 vaccine experiencing typi-
cal side effects like fever and malaise, from which she
recovered the day after. Except for obesity, she had no
previous somatic or psychiatric diseases and was not on
any medication. The following days she developed head-
ache and progressive neurological symptoms including
attention and concentration difficulties starting on day
5 after vaccination, resulting in admission to our hospital
11 days after vaccination. Emergency brain magnetic reso-
nance imaging (MRI) was performed with normal status
of the parenchyma (Fig 1, 1C). A lumbar puncture on the
day of admission revealed lymphocytic pleocytosis of
46 leukocytes/pl (Fig 1, 1B). The extensive diagnostic
workup remained negative, including chest X-ray, sonog-
raphy of the abdomen, and serological examinations of
serum and cerebrospinal fluid (CSF) (Table 1). Later on,
the patient suffered from an epileptic seizure. Repeated
EEG recordings revealed diffuse abnormally slow theta
thythms without epileptiform activity (Fig 1, 1A). The
patient was consistently stuporous, showed no meningeal
signs and no paresis, partially complied with simple tasks,
but did not respond adequately. Diagnosing possible
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FIGURE: First Patient 1A-D, Second Patient 2A-D, Third Patient 3A-D (1A to 3A): Representative electroencephalographic

recordings from all three patients using A-P (anterior-posterior) longitudinal bipolar montage (sensitivity 7 mcV/mm; filter 1 to
70 Hz; interval between 2 vertical lines: 0.3 seconds). (1B to 3B): Representative images of CSF cytology demonstrating
lymphocytic dominance. (1C-D to 3 C-D): Representative T2w (2C-D) and FLAIR MR Images (1C-D, 3C-D) on admission (C) aswell
as at 2-4 months follow-up (D). Zoomed views were chosen according to the very clinical symptoms described, e.g. showing
normal appearance of the fastigial nucleus (arrows in 2C-D). No imaging evidence of acute disseminated encephalomyelitis
(ADEM) was depicted. [Color figure can be viewed at www.annalsofneurology.org]

Standardized

Blood investigation investigation of CSF

CSF aspect, White blood cell
count (/pl), Red blood cell
count (/pl), Monocytes
(%),Lymphocytes (%), Total
Proteins (mg/l), Glucose
(mg/dl), Lactate (mmol/l),

Isoelectrofocusing, Syphilis,

Cell count, kidney and liver
function, thyroid function
incl. Thyroid-Antibodies,
serum protein
electrophoresis, HIV,
Tuberculosis (TB)-
QuantiFERON blood test,
vasculitis screen (ANA, Ena-
Screen, ANCA-Screen, RF,
anti-ds DNA, C3¢, C4, IgG,

IgA, IgM)

Lyme disease

TABLE 1. Laboratory Investigations in Blood and Cerebrospinal Fluid (CSF) Done in All Three Cases

Advanced antineuronal

Advanced virus investigation
of CSF

DNA-PCR of Herpes Simplex
Virus, Varicella-Zoster Virus,
Cytomegaly and Epstein Barr
Virus. Measles IgG, Rubella
IgG, Herpes Simplex Virus
1/2 1gG, Varicella Zoster
Virus IgG

antibody investigation of
serum and CSF

GADG5, NMDA-, and
GABA-B-receptor, IgLONS,
AMPA-R subtype 2, DPPX,
LGI1, CASPR2, Glycine-
receptor, mGluR5, mGluR1,
Amphiphysin, CV2/CRMP5,
Ma2/Ta, Hu, Ri, Yo, Zic4,
Recoverin, Sox1, Titin,

DNER/Tr

autoimmune encephalitis, immunosuppressive therapy
with 10mg dexamethasone per day was initiated with sig-
nificant improvement of the symptomatology. A follow
up lumbar puncture was performed showing decrease in
pleocytosis to 12 cells/pl. At discharge, normal EEG activ-
ity was detected. There was still mild cognitive slowing

without functional impairment. Subsequent MRI exami-
nation 4 months later continued to reveal a normal state

of the parenchyma without sequelae (Fig 1, 1D).

Second Case. A 63-year-old female had been vaccinated
against COVID-19 with ChAdOx1 nCov-19 vaccine.
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Two days later, she was diagnosed with deep vein throm-
bosis in her left leg and treated with oral anticoagulation
as an outpatient. Six days after vaccination, her gait deteri-
orated, she developed a vigilance disorder and a twitching
all over her body, so she was admitted as an inpatient to
our department on day seven after the vaccination. Subse-
quently, she developed a severe immobilizing opsoclonus-
myoclonus syndrome. MRI was performed with normal
status of the parenchyma (Fig 1, 2C). An encephalitis was
diagnosed due to the result of lumbar puncture showing a
lymphocytic pleocytosis of 115 leukocytes/pl (Fig1, 2B).
EEG recording revealed diffuse abnormally slow theta and
delta rhythms without epileptiform activity (Fig 1, 2A).
The extensive additional diagnostic workup remained neg-
ative, including a paraneoplastic etiology based on the
CSF and serum findings (Table 1) and imaging of the
thorax and abdomen.

Initially, the patient was treated with a broad anti-
infective therapy without any significant effect. With the
criteria fulfilled of possible autoimmune encephalitis, immu-
nosuppressive therapy with a total of 5g methylpred-
nisolone over 5 days was administered. This led to an
immediate clinical improvement, so that the patient
could mobilize on her own a few days later. The
opsoclonus-myoclonus syndrome resolved over time;
at discharge, just a low-grade tremor persisted as the
only residual neurological deficit. Subsequent MRI
examination after 3.5 months continued to reveal a
normal state of the parenchyma (Fig 1, 2D).

Third Case. A 63-year-old male patient presented with
isolated aphasia and fever 8 days after being vaccinated
with ChAdOx1 nCov-19. With the suspected diagnosis of
herpes encephalitis, he was initially treated with intrave-
nous acyclovir. MRI of the brain was normal, in particular
no evidence of ischemia or herpes encephalitis (Fig 1,
3C). A lumbar puncture was performed showing a
pleocytosis of 7 leukocytes/pl (Fig 1, 3B). A viral infection
was excluded by extensive testing for neurotropic viruses
in CSF and serum (Table 1). Normal EEG activity was
detected (Fig 1, 3A). On a test-psychological level, a slow
down in the area of intrinsic readiness to react (alertness)
was additionally observed. Assuming possible autoimmune
encephalitis, immunosuppressive therapy with steroids
should be administered, but was rejected by the patient.
In a test-psychological follow-up 2 weeks later, further
improvement could be observed. MRI follow-up
2.5 months later showed no evidence of structural lesions

(Fig 1, 3D).
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Discussion

The presented case series is characterized by onset of
symptoms of encephalitis within 7 to 11 days after
ChAdOx1 nCoV-19 vaccination. In all three cases, the
criteria for possible autoimmune encephalitis defined by
Graus were fulfilled as follows®: (1) subacute onset of
working memory impairment, impaired mental status, or
psychiatric symptoms, (2) CSF pleocytosis, and in one
case, seizures without prior epilepsy, and (3) exclusion of
alternative causes. Consequently, the diagnosis of possible
autoimmune encephalitis was made and immunosuppres-
sive treatment was initiated. Fortunately, all three patients
responded to therapy and exhibited a benign course of the
disease with almost complete recovery from neurological
symptoms.

The second case is particularly interesting, because a
severe opsoclonus-myoclonus syndrome (OMS) occurred
after vaccination. OMS is a rare condition with dyskinesia
of eye movements and myoclonic movements of the trunk
and limbs. OMS has been described previously as a conse-
quence of flu vaccination,” after vaccination to human
papilloma virus,'’ and after anti-rubella vaccination.''
Similar to our second reported case, OMS syndrome
occurred within 2 weeks after vaccination.

After exclusion of pathogen-induced encephalitis
(Table 1), two of the three patients in our case series were
treated with immunosuppressive therapy with rapid clini-
cal improvement. The third patient rejected immunosup-
pressive treatment, but improved spontaneously. No
severe sequelae occurred in all three cases. Immunotherapy
including steroids or even plasmapheresis for encephalitis
after vaccination has been reported before in cases after
vaccination against hepatitis A-, hepatitis B-, poliovirus,
diphtheria and tetanus.'?

In general, vaccinations can cause a strong expression
of proinflammatory cytokines and a T cell response. This
was also demonstrated for ChAdOx1 nCoV-19 vaccine.'?
After vaccination, antigens are recognized as potential patho-
gens by both conserved pathogen- and damage-associated
molecular patterns as well as pattern-recognition receptors
that are found on local or peripheral circulating immune cells
(eg monocytes and macrophages) and on resident stromal
cells.” Induction and transcription of many target genes
occurs, resulting in synthesis and release of pyrogenic cyto-
kines (ie interleukin [IL]-1, IL-6, tumor necrosis factor-alpha
[TNF-a], and prostaglandin-E2) into the bloodstream that
mimic the response to natural infection. Subsequent to stim-
ulation, the immune system initiates a complex series of
innate immune events including phagocytosis, release of
chemokines  and

inflammatory  mediators  including
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TABLE 2. Overview of Encephalitis as Adverse Event after COVID-19 Vaccination from Publicly Available
Databases and Estimation of an Incidence

Observed
number
Institution Time period  Number of vaccine doses of encephalitis Reference
Gov.uk 04/01/21 to ChAdOx1 nCov-19 (AZD1222): 32 Encephalitis hetps://www.gov.uk/
16/06/21
24.5 million first doses (7 Encephalitis
viral)
19.6 million second doses 1 Bickerstaff’s
encephalitis
1 Limbic
encephalitis
4 Non-infective
encephalitis
Pfizer-Biontech mRNA vaccine
(BNT162b2):
16.8 million first doses 12 Encephalitis
10.9 million second doses (3 Encephalitis
viral)
1 Encephalitis
autoimmune
1 Limbic
encephalitis
1 Non-infective
encephalitis
European Medicines 29/01/21 to ChAdOx1 nCov-19 (AZD1222): 33 Encephalitis hetps://www.ema.
Agency (EMA) 10/06/21 almost 46 million doses 10 ADEM europa.cu
Paul-Ehrlich-Institute 27/12/20 to ChAdOx1 nCov-19 (AZD1222): 8 Encephalitis hetps://www.pei.de
31/05/21
Germany 9.2 million doses
Pfizer-Biontech mRNA 5 Encephalitis
vaccine(BNT162b2):

36.9 million doses

COVID-19 Vaccine Moderna -
(mRNA-1273):

4.0 million doses

ChAdOx1 nCov-19 (AZD1222): A total of 79 cases in 99.3 million doses with a resulting incidence of almost 0.08 per 100,000. Pfizer-Biontech
mRNA vaccine (BNT162b2): A total of 20 cases in 110.6 million doses with a resulting incidence of almost 0.02 per 100,000.

cytokines, activation of complement, and cellular recruit- effects, and ultimately can cause neuroinflammation in some
ment. Mediators and products of inflammation in the circu- subjects after microglia activation, depending on the immu-
lation can affect other body systems to cause systemic side- nogenetic background and the innate immune memory.>’
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We cannot verify this with our presented cases; however, this
could be an explanation for a possible association between
vaccination and possible autoimmune encephalitis. Due to
the lack of antibody detection, the diagnosis of a definite
autoimmune encephalitis cannot be made. Based on the
diagnostic constellation, a postvaccinal encephalitis could be
discussed.

In a survey over 20 years in the United States,'
1,396 cases of encephalitis occurred after vaccination.
Responsible vaccinations were hepatitis B (354 cases),
influenza vaccination (208 cases), vaccination for measles,
mumps and rubella-MMR (208 cases), and vaccination
for Haemophilus influenza type B (120 cases). The onset
of encephalitis within 2 weeks after vaccination was
reported in 708 patients (50.7%). Thus, the temporal
association between vaccination and symptom onset is
well in line with our cases.

Public institutions collect the occurrence of adverse
reactions for the different COVID-19 vaccines. Recent
data from the National Institute of Public Health of Qué-
bec (INSPQ) show that 67 reports of unusual clinical
manifestations were made in Quebec for each 100,000
doses administered, all vaccines combined. In the case of
AstraZeneca, this proportion rises to 182.5 reports per
100,000 doses. The vast majority of unusual clinical man-

ifestations listed by the INSPQ are considered as “without

gravity”."?

The occurrence of encephalitis after vaccination with
ChAdOx1 nCoV-19 (AZD1222) is reported in several
publicly available databases (Table 2). A total of 79 cases
of encephalitis worldwide were identified after ChAdOx1
nCov-19 vaccination. By the reported periods and vacci-
nations given in this period, an estimation of the inci-
dence can be made, which is about 8 per 10 million
vaccination doses.

The same analysis yielded 20 reported cases of
unexplained encephalitis following vaccination with the
Pfizer-Biontech mRNA vaccine (BNT162b2), for a total
of more than 110 million doses of vaccine. The estimated
incidence is thus 2 in 10 million, and thus only one-
quarter of case numbers as compared to ChAdOx1
nCov-19.

A large survey of 24 hospitals in a region of 5 million
people in the United Kingdom revealed a number of
75 cases with encephalitis of unexplained etiology in a
2-year period.'® The Paul Ehrlich Institute in Germany
reported the occurrence of encephalitis within a period of
up to 91 days after vaccination with ChAdOx1 nCov-19.
According to the determined incidence, ' approximately
19 cases with encephalitis of unexplained etiology could
be expected per 10 million doses during this period of
91 days. In the survey of 1,396 encephalitis cases over
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20 years in the United States,'® an onset within 2 weeks
after vaccination is quite common (50.7%)—as also seen
in our cases. Therefore, within 2 weeks, 2.9 cases of
unexplained encephalitis could be expected to occur per
10 million doses of vaccination according to the large UK
survey.'® Assuming that 50.7% of incident encephalitis
cases occur within 2 weeks, this would correspond to an
incidence of 4 per 10 million doses in our incidence esti-
mation, thus, a higher rate than the expected spontane-
ously occurring encephalitis cases. However, the exact
duration of symptom onset could unfortunately not be
obtained with certainty from the publicly available data-
bases. Additionally, one could expect that not all cases
were reported and that the actual number of postvaccinal
encephalitis are most likely higher. A systematic survey is
therefore of great relevance for the examination of a causal
relationship.

Moreover, the significant difference in accumulation
of cases after ChAdOx1 nCov-19 vaccination compared to
vaccination with the Pfizer-Biontech mRNA vaccine
(ChAdOx1 nCoV-19: 79 cases in 99.3 million doses;
Pfizer-Biontech mRNA vaccine: 20 cases in 110.6 million
doses (Table 2); Pearson’s Xz = 41.923, p < 0.001) and
the lack of reports after vaccination with other COVID-19
vaccines does suggest a causal relationship. Certainly, the
temporal relationship between vaccination and encephalitis
cannot prove causality. This is also demonstrated by the
report of the occurrence of Guillain-Barré syndrome in both
the placebo arm and the active arm of a COVID-19 vaccina-
tion trial.'” Proof of causality is only possible with large
pooled data from observational epidemiologic studies that
ultimately demonstrate a higher incidence of encephalitis
compared with spontaneous occurrence of encephalitis by
chance after vaccination has taken place. Although we are
aware, that proof of causality will not be possible in individ-
ual cases, we believe the remarkable temporal association
between ChAdOx1 nCov-19 vaccination and the presenta-
tion of encephalitis in three cases is noteworthy.

Conclusion

We report here the first three cases of postvaccinal enceph-
alitis fulfilling the criteria of possible autoimmune
encephalitis, defined by Graus et al and in temporal corre-
lation shortly after vaccination with ChAdOx1 nCov-19.
The diagnosis was supported by: (1) the temporal asso-
ciation between vaccination and symptom onset, (2) the
characteristic symptoms previously described in the
OMS as a vaccine reaction in further vaccinations,
(3) the extensive exclusion of other etiologies (Table 1),
and (4) the response to immunosuppressive therapy

with corticosteroids. In addition, we can reassuringly
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mention that our cases of encephalitis exhibited benign
courses without sequelae. Nevertheless, a detailed diag-
nosis to exclude other possible causes should be per-
formed wurgently. Obviously, the complication of
autoimmune encephalitis after ChAdOx1 nCoV-19 vac-
cination appears to be very rare. Clearly, the benefit of

vaccination outweigh the risks.
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